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Partial translation of JP2001-296820A: paragraph 0002 to 0042 (page 2 to 
page 5), and Fig. 1 (page 6). 

[0002] 

[Background Art] 

Recently, in the field of information display for indoor and outdoor 
equipment, a full-color LED display device using light emitting diodes 
(referred to as LED in this specification) of red (R), green (G), and blue (B) is 
rapidly prevailing. Conventionally, in such an LED display device, picture 
signals of NTSC standard of television, video deck, laser disc (registered 
trademark) player, video camera, etc. are often employed as picture sources. 
[0003] 

A device for displaying picture signals of NTSC standard is 
described in the following, but the same holds true with respect to other 
picture signals such as PAL, SECAM, HDTV, DV, and personal computer R, 
G, B signals. 
[0004] 

Fig. 3 is a schematic diagram showing an example of configuration 
of a conventional LED display device. 
[0005] 

As shown in Fig. 3, the LED display device is configured in that the 
device is roughly divided into transmitting section 27 and display section 28. 
Transmitting section 27 comprises AV equipment such as video deck 12, TV 
tuner 10, laser disc player 11, and video camera 13, AV selector 14, 
scheduler 16 for managing telecast contents, amplifier 15, scan converter 17 
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for performing color adjustment of picture signals of NTSC standard and 
conversion to analog RGB signals to adjust the angle of view, monitor 18 for 
checking telecast contents, and transmitter 19 for executing long-distance 
transmission of analog RGB signals. On the other hand, display section 28 
comprises receiver 20 for receiving analog RGB signals and converting the 
signals to digital R, G, B (red, green, blue) signals, LED display unit 25, 
LED panel display 24, controller 21 for converting digital R, G, B signals to 
signals that can be displayed by LED panel display 24, power source 23, 
speaker 22, and casing 26. 
[0006] 

AV equipment such as video deck 12, TV tuner 10, laser disc player 
11, and video cameral3 of transmitting section 27 is connected as the input 
of AV selector 14. AV selector 14 is controlled by scheduler 16, and the 
input of AV selector 14 is selected according to the telecast schedule, 
thereby changing over the AV equipment. The output of AV selector 14 is 
inputted to scan controller 17. Scan controller 17 separates picture signals 
of NTSC standard into color signal C and luminance signal Y to make the 
color adjustment of hue, brightness, chroma. After that, color signal C is 
separated into color difference signals R - Y (U) and B - Y (V), and these 
signals are subjected to scaling to effective display region after 
analog- to- digital conversion, followed by conversion to digital R, G, B signals, 
and finally converted to analog signals to be outputted as analog R, G, B 
signals. Transmitter 19 amplifies the signals necessary for transmitting 
analog RGB signals to receiver 20 of display unit 28, and also compensates 
for cable losses. The distance between transmitter 19 and receiver 20 
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usually ranges from about 50 to 200 m. 
[0007] 

Receiver 20 converts analog RGB signals transmitted from the 
transmitter to digital signals and outputs the digital RGB signals to 
controller 21. 
[0008] 

Fig. 4 is a schematic diagram showing an example of function block 
of controller 21. 
[0009] 

Controller 21 comprises RAMI, gamma conversion table 6 - 2, 
multiplier 4, control circuit 2, and display division circuit 7. R, G, B digital 
data of receiver 20 is inputted to controller 21, and controller 21 stores the 
data in RAMI individually for RGB. Control circuit 2 controls the data 
stored in RAMI and the data of gamma conversion table 6 - 2 to be 
transmitted to multiplier 4. In multiplier 4, individual RGB data is 
multiplied by gamma coefficient to execute reverse gamma conversion in 
order to compensate for the difference between the voltage to luminance 
characteristic of CRT and the current to luminance characteristic of LED. 
After that, display division circuit 7 executes the division of display on each 
LED panel display 24 and the signal is converted to a format that enables 
LED panel display 24 to read the signal. 
[0010] 

LED display unit 25 of display section 28 is briefly shown in Fig. 3 to 
make it easier to observe. Actually, however, multiple pieces of LED panel 
displays 24 are arranged vertically and horizontally, and the display and 
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non-display of all LED are changed over with the output signal of controller 
21. Each light emitting block of LED panel display 24 is formed of LED of 
the three primary colors R, G, B. Thus, in LED panel display 24, picture 
display can be obtained by executing ON-OFF control of LED of R, G, B of 
each picture element in accordance with the signal inputted from controller 
21. 

[0011] 

For the display device having such a configuration, the color 
adjustment thereof is made at the final stage of installation. The color 
adjustment is usually performed during the daytime, and reference picture 
signal is inputted to make the adjustment with respect to each of the hue, 
brightness, and chroma in the scan converter. 
[0012] 

[Problems to be Solved by the Invention] 

However, in the case of a picture display device manufactured, 
installed and adjusted, having a conventional configuration shown in Fig. 3, 
the picture displayed during the daytime is visually different from the 
picture displayed at night. That is, regarding same picture, the one viewed 
at night is rather visually reddish as compared with the one viewed during 
the daytime at the lower gradation side in particular. This phenomenon 
cannot be precisely described at present because the characteristic of human 
eyes has not been sufficiently clarified, but it can be assumed that it 
involves complicated relations with the characteristic of human vision, 
property of daytime light, and physical characteristics such as light 
emission spectrum of LED of the light emitting section of the display device. 
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In the day time, the sensitivity to red color becomes lowered as the red color 
spectrum contained in the solar light is corrected by the conical body of the 
eye due to the color adapting effect, and in this condition, the picture is 
recognized as a normal picture. At night, the sensitivity of the conical body 
is not lowered because of no solar light and, therefore, it can be considered 
that same picture is rather visually reddish. 
[0013] 

Conventionally, as a measure for such a phenomenon with respect to 
red color of same picture, a method of controlling the volume of light emitted 
from LED in the daytime and at night has been worked out. In the 
conventional control method, from the viewpoint of variation ratio of 
gradation data and variation ratio of the volume of light emitted from LED, 
they are in linearly varying relation to each other. However, this method is 
effective for white balance because the whole picture is changed in hue, but 
it does not solve the problem of such a phenomenon that the picture in low 
gradation display is rather visually reddish. 
[0014] 

The present invention is intended to solve such a conventional 
problem, and the object of the invention is to improve the display quality, 
correcting the R, G, B digital data by signal processing in accordance with 
the light and color temperature around the display device and preventing 
such a phenomenon that the picture becomes rather visually reddish in low 
gradation display. 
[0015] 

[Means to Solve the Problem] 
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The LED display device of the present invention comprises an LED 
display section with light emitting blocks formed of LED for at least three 
colors arranged in a matrix fashion, display signal sending means for 
sending display signals to the LED display section, external light 
information checking means for checking whether signal processing of the 
received illuminance information around the LED display section is needed 
or not, and a signal processing means for signal processing of individual 
gamma coefficients of R (red), G (green), and B (blue) with respect to each 
color gradation data from the display signal sending means on the basis of 
the output signal from the external light information checking means. 
[0016] 

In such a configuration, the external light information checking 
means checks, for example, whether signal processing is needed or not from 
the illuminance and color temperature data transmitted from an external 
light sensor, and further transfers the level of signal processing to the signal 
processing means. More specifically, the illuminance and color 
temperature data transmitted from the external light sensor is compared 
with the previous illuminance and color temperature, and when the change 
exceeds a certain level, it is judged by the external light information 
checking means that signal processing is needed, and signal processing is 
executed by the signal processing means with respect to gradation data in 
the display signal from the display signal sending means. 
[0017] 

On the other hand, when it is judged by the external light 
information checking means that signal processing is not needed, signal 
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processing is not executed by the signal processing means, and the data is 

just transmitted. 

[0018] 

In this way, out of the illuminance and color temperature data 
transmitted from the external light sensor, gradation data in the digital 
data of R, G, B inputted from the display signal sending means is processed 
by the external light information checking means, and thereby, such a 
phenomenon that the picture becomes rather visually reddish in low 
gradation display can be prevented to realize high-quality picture display. 
[0019] 

[Preferred Embodiments of the Invention] 

The invention of claim 1 is an LED display device comprising an 
LED display section with light emitting blocks formed of LED for at least 
three colors arranged in a matrix fashion, display signal sending means for 
sending display signals to the LED display section, external light 
information checking means for checking whether signal processing of the 
received illuminance information around the LED display section is needed 
or not, and a signal processing means for signal processing of individual 
gamma coefficients of R (red), G (green), and B (blue) with respect to each 
color gradation data from the display signal sending means on the basis of 
the output signal from the external light information checking means. The 
original picture is corrected and prevented from occurrence of a 
phenomenon such that the picture becomes visually reddish in low 
gradation display due to the influence of external light around the LED 
display section, and thereby, it is possible to realize the improvement of 
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display quality. 
[0020] 

The invention of claim 2 is the LID display device of claim 1, 
wherein the signal processing means performs signal processing of 
individual coefficients of R (red), G (green), B (blue) with respect to the 
gradation data of each color. The signal processing means comprises a 
signal processing means for multiplying the gradation data of each color by 
individual gamma coefficient of RGB and individual constant of RGB. 
Accordingly, it is possible to more effectively correct such a phenomenon 
that the picture becomes visually reddish in low gradation display. 
[0021] 

The invention of claim 3 is the LED display device of claim 1, 
wherein the external light information checking means checks whether 
signal processing is needed or not with respect to the received color 
temperature information of the external sensor of the LED display device. 
Accordingly, it is possible to execute precise control including the type of 
external light and physical conditions as well as the illuminance 
information around the LED display section. 
[0022] 

The invention of claim 4 is the LED display device of claim 1, 
wherein the external light information checking means can be used in case 
of having no means for supplying external light information around the 
LED display section, and the judgment is statistically made from the place 
where the LED display device is installed, season at present, and current 
time. Accordingly, it is possible to realize the effect of high quality at low 
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costs. 
[0023] 

The preferred embodiments of the present invention will be 
specifically described in the following with reference to Fig. 1 and Fig. 2. 
[0024] 

The present invention enables the prevention of such a phenomenon 
that the picture becomes visually reddish in low gradation display by means 
of the controller configuration and its signal processing blocks, and the 
function blocks of the controller are shown in Fig. 1 and Fig. 2. The entire 
configurations of the transmitting section and the display section are same 
as shown in Fig. 3. 
[0025] 

Fig. 1 shows the function blocks in the preferred embodiment of the 
present invention. 
[0026] 

As described in Fig. 3, controller 21 to which the signal from receiver 
20 is inputted comprises external light information checking circuit 3, 
control circuit 2, table selecting circuit 5, gamma conversion table 6 - 1, 
multiplier 4, and display division circuit 7. 
[0027] 

In the preferred embodiment described in the following, each of R, G, 
B digital data outputted from receiver 20 shown in Fig. 3 is 8-bit color in the 
description. Also, to make the description brief and short, daytime and 
night during which the illuminance extremely varies are exemplified. It is 
of course possible to delicately change the signal processing in accordance 
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with delicate variation of the illuminance. 
[0028] 

External light information checking circuit 3 judges whether signal 
processing is needed or not according to the illuminance data transmitted 
from the external light sensor (not shown) disposed externally of the LED 
display device, and further, determines the level of processing when signal 
processing is needed, and then transfers the instruction signal to control 
circuit 2. In the daytime, the external light information checking circuit 
judges that signal processing is not needed, and as signal processing is 
needed at night, the external light information checking circuit transfers an 
instruction for changing the gamma coefficient of R from 2.2 to 2.5 to control 
circuit 2. According to the instruction, control circuit 2 serves to make 
table selecting circuit 5 to select gamma 2.5 instructed from a plurality of 
tables in gamma table 6 - 1, and then transmits the data to multiplier 4. 
The R, G, B digital data input is subjected to signal processing according to 
the following formula, and as output Y, 
[0029] 
[Formula l] 

Y = X<^ 

[0030] 

(where Y is digital RGB data after signal processing, x is input R, G, 
B digital data, y is gamma coefficient), the data is outputted. Consequently, 
as the gamma coefficient of R becomes larger in the course of daytime and 
night, red color in low gradation is weaker the amount of light emitted in 
low gradation as compared with green and blue colors, and therefore, it is 
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possible to correct such a phenomenon that the picture becomes visually 
reddish in low gradation display. Contrary to this, also available is a 
method in which the gamma coefficient of R is kept at same level in the 
course of daytime and night, while the gamma coefficients of G and B are 
kept at smaller level, thereby making the amount of light emitted in low 
gradation of green and blue colors greater than that of red color. It is 
possible to freely make the decision with respect to the method employed 
and the level of gamma coefficient in accordance with the balance of whole 
picture, picture quality, and the effect of signal processing. 
[0031] 

Fig. 2 shows the function block of another preferred embodiment. 

[0032] 

Controller 21 shown in Fig. 3 comprises external light information 
checking circuit 3, control circuit 2, table selecting circuit 5, gamma 
conversion table 6 ■ 1, multiplier 4, and display division circuit 7, the same 
as in the preferred embodiment of Fig. 1. The difference from the preferred 
embodiment of Fig. 1 is that the present embodiment includes constant 
table 9 and constant selecting circuit 8. In the preferred embodiment of Fig. 
1, only gamma coefficient is multiplied, but in the preferred embodiment of 
Fig. 2, the gamma coefficient and proportional constant are multiplied. 
[0033] 

That is, the R, G, B digital data input is subjected to signal 
processing according to the following formula, and as output Y, 
[0034] 
[Formula 2] 
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Y = (X<^) 

[0035] 

(where Y is digital RGB data after signal processing, x is R, G, B 
digital data input, y is gamma coefficient, A is proportional constant), the 
data is outputted. 
[0036] 

Due to this action, the content of color balance adjustment 
conventionally made by controlling the amount of light emitted can be 
performed along with the prevention of becoming reddish in low gradation, 
and as the cost is low, it will bring about two advantages. 
[0037] 

Here, it is supposed to be same in configuration such that controller 
21 in Fig. 3 comprises external light information checking circuit 3, control 
circuit 2, table selecting circuit 5, gamma conversion table 6-1, multiplier 4, 
and display division circuit 7. In this case, it is supposed to be different in 
type of sensor input to the external light information checking circuit. 
That is, in the preferred embodiment of Fig. 1, the illuminance data is 
received from the external sensor, but it is allowable to be configured in that 
the illuminance data and color temperature data are received from the 
external sensor. 
[0038] 

The operational difference of external light information checking 
circuit 3 is explained in the following when the illuminance around the LED 
display device is same and the weather is different, that is, when it is fine 
and cloudy. In other words, as the weather changes from fine to cloudy, the 
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color temperature becomes higher. Specifically, for example, when it is fine 
at present, the color temperature data transmitted from the external sensor 
is supposed to be 5300K (Kelvin temperature). Then, when it changes to 
cloudy weather, the color temperature transmitted from the external sensor 
is increased to 7000K. 
[0039] 

In this case, it can be considered that human eye decreases in 
sensitivity to blue color and increases in sensitivity to red color. Then, 
external light information checking circuit 3 serves to make the gamma 
coefficient larger, reacting to the color temperature data transmitted from 
the external sensor. In this way, when fine weather changes to cloudy 
weather, it is possible to correct such a phenomenon that the picture in low 
gradation display becomes reddish due to change of the gamma coefficient. 
[0040] 

Further, when the configuration of the controller is same as in Fig. 1, 
it is allowable to change the processing procedure of external light 
information checking circuit 3. That is, in the previous preferred 
embodiment, the illuminance around the LED display deice and the color 
temperature data are detected to make the determination on the method of 
processing, but it is allowable to determine the method of processing not 
from external sensor data but from statistical data, that is, from the 
relations of season at present, display time, and installation position. 
[0041] 

For example, the installation position is fixed in Tokyo. 
Statistically, the summer solstice is around June 21, and similarly, the 
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winter solstice is around December 21. Also, statistically, in the summer 
solstice, the time of sunrise is AM 4:13, and the time of sunset is PM 7:03. 
In the winter solstice, the time of sunrise is AM 6:49, and the time of sunset 
is PM 4:19. From this fact, when it is approximated that the time of 
sunrise and the time of sunset linearly change in a range from the winter 
solstice to the summer solstice, the time of sunrise and the time of sunset of 
a specific date can be calculated. Also, the color temperature of a specific 
date can be statistically calculated with reference to the color temperature 
data of solar light during the daytime in summer and winter. 
[0042] 

This method is not capable of making accurate correction in a short 
time, coping with the change of weather conditions for instance when it 
rains on the day, but capable of making reliable correction throughout the 
year by using only a program, and it is possible to provide a very low cost 
system. 
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[Fig. 1] 
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